###### Strengths and limitations of this study

-   This study used the data set from the Taiwan Birth Cohort Study, which was the first large-scale, nationally representative and longitudinal study on a whole-year birth cohort in Taiwan.

-   There is little panel data to investigate the association between preschool healthy living practices and mother-rated good health at school age.

-   Mother-rated or primary caregiver-rated child health and living practices, which might be subjected to social desirability and cause potential reporting bias.

-   The influence of real-life changes in the participating families through the 5-year interval was not investigated in the present study.

Introduction {#s1}
============

Health promotion refers to helping people increase control over their health by developing their capacity for healthy living.[@R1] From a socioecological perspective focused on the interrelations between organisms and their environments, health promotion shapes health habits to help improve people's health and well-being,[@R2] which can be applied through different aspects like families, communities, social welfare, healthcare and health policy as a more comprehensive and integrative child health support to improve child and family well-being.[@R5] Most centrally, family is the core base for children to promote their healthy life.

For children, the family is a major socialiser that forms an important proximal environment for developing routines, capacity, knowledge and norms for healthy living.[@R6] If begun in early childhood, these familial factors can, in response to risks and adversities, promote positive health outcomes and reduce negative outcomes for children.[@R9] Because family is involved in daily health promotion for children,[@R10] the family context and its embedded routines are essential for shaping children's health, health behaviour and lifestyles during growth.[@R11]

The relationships between healthy lifestyles and child health outcomes are complex and multidimensional, and the relationship between healthy lifestyles and general health appears to be the most important.[@R14] Daily family routines provide incremental benefits for children's general health, particularly to children growing up poor.[@R7] Three-year-old children raised in poor families that practice healthy lifestyles including multiple health-promoting behaviours have better general health outcomes and lower risks of developing health problems than do children raised in poor families that do not follow such practices.[@R15] The cumulative effect of a series of child healthy living practices in family (CHLPF) is associated with the individual effect of singular health behaviour.[@R7] Health-promoting behaviours might also explain the within-group variation in the health of children in poor families.

Policy analyses claim that healthy family practices in early childhood continue to positively affect children's health.[@R14] If this claim is confirmed, it should be used as the basis for developing and strengthening children's long-term health. However, most of the existing literature used cross-sectional designs that demonstrated the association of CHLPF with health outcomes at a specific point in time.[@R16] Thus, a longitudinal follow-up study that would investigate the associations between major variables[@R6] is warranted to examine the long-term implications of these practices.

Therefore, building on the literature review[@R5] and our previous study,[@R15] we hypothesised that early development of CHLPF before age 3 leads to positive effects on health outcomes later on. In the current study, we aimed to examine whether CHLPF at age 3 predicted the health of children at school age.

Methods {#s2}
=======

Study design and setting {#s2-1}
------------------------

This study was based on the Taiwan Birth Cohort Study (TBCS), which is the first large-scale and longitudinal study in Taiwan. TBCS used face-to-face interview questionnaires with mothers or primary caregivers to collect information on children's physical health, development, lifestyle, parenting and social and physical environment factors, to elucidate children's health profile and examine early origins of adult health based on the life-course perspective. In the present study, we hypothesised that early development of CHLPF before age 3 leads to positive effects on the health of children at age 8.

Participants {#s2-2}
------------

The nationally representative cohort of 24 200 eligible infants born in 2005 was initially taken from 206 741 live births based on the National Birth Report Database using two-stage stratified random sampling. First, 369 townships were identified as primary sampling units (PSUs) and were stratified into 12 levels according to their urbanisation and total fertility rate. Second, individuals were sampled from 85 PSUs, and the samples were determined by probability proportionate to size. The sampling rate was approximately 11.7%.

Among eligible children, mothers of 21 248 (87.8%) completed the baseline survey when the child was 6 months old and the children were recruited as cohort members. Subsequently, four waves of follow-up surveys were carried out at 18 months, 3 years, 5 years and 8 years of age, with response rates of 94.9%, 93.7%, 92.8% and 91.9%, respectively. For each wave of survey, face-to-face interviews were conducted after the mother or primary caregiver provided informed consent. A total of 18 553 children with completed 6-month, 3-year, 5-year and 8-year surveys were included for analysis, representing a response rate of 87.3% (18 553/21 248).

Variables {#s2-3}
---------

### Independent variable: CHLPF Index {#s2-3-1}

This index was developed to evaluate the degree of a 3-year old's CHLPF, which was comprised of five elements: whether (1) vegetables and fruits are eaten daily, (2) physical activities are practiced daily, (3) hands are washed before meals and after using the bathroom, (4) television-viewing is less than 2 hours per day and (5) the child is exposed to secondhand smoke at home.[@R15] All five elements were stratified into low (score ≤1), mid-low (score=2), mid-high (score=3) and high (score ≥4) CHLPF levels. Data of 3-year olds were used because studies have indicated that some forms of adolescent or adult behaviours could be tracked and observed in the third year of life.[@R17]

The five elements in the CHLPF Index were first chosen based on the previous literature that substantiated that these five elements are highly associated with children's health and also imply the level of a family's adoption of approaches that can enhance children's health and prevent diseases.[@R15] Subsequently, the CHLPF Index has been validated through exploratory factor analysis (EFA) and confirmative factor analysis (CFA).[@R15] The results of EFA indicated that CHLPF Index explained 28.21% of the total variance. The goodness-of-fit indicators of CFA showed a good model fit (root mean square error of approximation=0.025, Comparative Fit Index=0.967, Normed Fit Index=0.965, χ^2^ by df=13.27).

### Dependent variable: children's mother-rated health at age 8 {#s2-3-2}

To measure children's health at age 8, mothers or primary caregivers were asked 'How would you rate your child's health status on the whole?' The response was rated on a 5-point scale: very good, good, fair, poor and very poor. This variable was recoded as good health ('1' for 'very good' and 'good') and as non-good health ('0' for 'fair', 'poor' and 'very poor').

Covariates {#s2-4}
----------

Sociodemographic characteristics are associated with health.[@R19] Therefore, demographic characteristics (child's sex), children's birth outcomes (birth weight and gestational age) and parents' socioeconomic status before age 3 (family structure, family income, maternal education, paternal education and residential area) were included in the advanced analysis.

Data analysis {#s2-5}
-------------

First, a Pearson's χ^2^ test was used to examine the association of the prevalence of mother-rated good health at age 8 with CHLPF Index and other covariates. Subsequently, a multiple logistic regression model was used to test the relationships between CHLPF levels and health at age 8, after controlling for sex, family structure, family income, maternal education, paternal education, residential area and mother-rated child's health at age 3. Finally, a stratified analysis was presented the prevalence of mother-rated good heath by the CHLPF Index and family income level at ages 8 and 3, respectively. The software SAS V.9.4 was used for all analyses in the current study.

Patient and public involvement statement {#s2-6}
----------------------------------------

The TBCS employed four strategies to promote patient and public involvement. First, the principal investigator, coprincipal investigators and staff from the Health Promotion Administration worked together to develop the conceptual framework and study plans according to the objectives of TBCS. Second, for each wave of survey, the questionnaire was constructed with reference to previous research and social contexts. Third, at the pretest and pilot study, participants' comments and feedback were further collected to revise the questionnaires. Fourth, the TBCS results were disseminated to the participants through newsletters, monographs, research publications and public symposia or conferences. However, participants were not directly involved in the recruitment to and conduct of the study.

Results {#s3}
=======

The study population comprised 18 553 8-year-old children (boys: 52.0% and girls: 47.0%) ([table 1](#T1){ref-type="table"}). The majority of children had birth weight more than 2500 g (93.3%) and gestational age more than 37 weeks (91.7%). Most of them lived with two parents (94.5%), came from middle-income families (51.3%), and almost half of their mothers had completed at least college education (45.6%). Regarding CHLPF Index, low-level children accounted for about one-third (35.6%), followed by mid-low level (31.5%), mid-high level (22.3%) and high level (9.7%).

###### 

Distribution of total participants and mother-rated good health at age of 8 for children across sociodemographic factors and CHLPF

  Variables                         Total         Mother-rated good health at age 8   χ^2^             
  --------------------------------- ------------- ----------------------------------- -------- ------- -------------
  Total                             18 553        100.00                              14 642   79.65   
  CHLPF Index                       92.75\*\*\*                                                        
   Low                              6605          35.60                               5033     76.20   
   Mid-low                          5839          31.47                               4692     80.36   
   Mid-high                         4139          22.31                               3391     81.93   
   High                             1800          9.70                                1526     84.78   
  Sex                               28.76\*\*\*                                                        
   Male                             9655          52.04                               7544     78.14   
   Female                           8728          47.04                               7098     81.32   
  Birth weight                      39.36\*\*\*                                                        
   \<2500 g                         1239          6.74                                901      72.72   
   ≥2500 g                          17 144        93.26                               13 741   80.15   
  Gestational age                   18.19\*\*\*                                                        
   \<37 weeks                       1527          8.31                                392      78.09   
   ≥37 weeks                        16 856        91.69                               14 250   79.69   
  Family structure                  6.55\*                                                             
   Single parent                    844           4.55                                643      76.18   
   Two parents                      17 539        94.53                               13 999   79.82   
  Family income                     87.01\*\*\*                                                        
   Low                              2161          11.65                               1583     73.25   
   Middle                           9515          51.29                               7533     79.17   
   High                             6707          36.15                               5526     82.39   
  Maternal education                30.72\*\*\*                                                        
   Junior high school and below     2563          13.81                               1964     76.63   
   Senior high school               7355          39.64                               5854     79.59   
   Junior college                   4558          24.57                               3612     79.25   
   University and graduate school   3907          21.06                               3212     82.21   
  Paternal education                28.56\*\*\*                                                        
   Junior high school and below     2457          13.24                               1877     76.39   
   Senior high school               7336          39.54                               5810     79.20   
   Junior college                   3926          21.16                               3150     80.23   
   University and graduate school   4664          25.14                               3805     81.58   
  Residential area                                                                                     
   Rural township                   5203          28.30                               4081     78.44   21.78\*\*\*
   Urban township                   8244          44.85                               6693     81.19   
   City                             4936          26.85                               3868     78.36   
  Missing data sets                 170           0.92                                                 

\*p\<0.05; \*\*p\<0.01; \*\*\*p\<0.001.

CHLPF, Child Healthy Living Practices in Family.

The prevalence of mother-rated good health for girls (81.3%) was significantly higher than that for boys (78.1%) (χ^2^=28.76, p\<0.0001) ([table 1](#T1){ref-type="table"}). Signiﬁcantly more children who lived with two parents (79.8%) had mother-rated good health than did children who lived with a single parent (76.2%) (χ^2^=6.55, p=0.01). There were socioeconomic differentials in mother-rated health. The prevalence of mother-rated good health was higher among children from high-income families (82.4%) compared with children from middle-income (79.2%) and low-income (73.3%) families (χ^2^=87.0, p\<0.0001). Moreover, signiﬁcantly more children whose parents had graduated from junior college or university had mother-rated good health than did those whose parents had graduated from senior high school or below. Finally, signiﬁcantly more children with a high CHLPF Index level had mother-rated good health than did those with a lower CHLPF Index level (χ^2^=92.75, p\<0.0001).

A multiple logistic regression model showed that a child's CHLPF Index level was a significant predictor of mother-rated good health, after it had been adjusted for sex, birth outcomes, family structure, family income, parental education, residential area and the mother-rated health of 3-year olds ([table 2](#T2){ref-type="table"}). More specifically, the OR of mother-rated good health was 1.4 (adjusted OR (AOR)=1.38, 95% CI 1.19 to 1.60), 1.2 (AOR=1.21, 95% CI 1.10 to 1.35) and 1.2 (AOR=1.17, 95% CI 1.07 to 1.29) higher, respectively, for children with a high, high-low and mid-low CHLPF Index level than for their lowest counterparts.

###### 

Crude and adjusted ORs of mother-rated health at children's age of 8 across sociodemographic factors and CHLPF

  Variables                            Crude ORs   95% CI   Adjusted OR   95% CI                          
  ------------------------------------ ----------- -------- ------------- -------- ------ -------- ------ ------
  CHLPF Index level                                                                                       
   Low                                 1.00                 1.00                                          
   Mid-low                             1.28        \*\*\*   1.17          1.39     1.17   \*\*\*   1.07   1.29
   High-low                            1.42        \*\*\*   1.29          1.56     1.21   \*\*\*   1.10   1.35
   High                                1.74        \*\*\*   1.51          2.00     1.38   \*\*\*   1.19   1.60
  Sex                                                                                                     
   Male                                1.00                 1.00                                          
   Female                              1.22        \*\*\*   1.14          1.31     1.19   \*\*\*   1.10   1.28
  Birth weight                                                                                            
   \<2500 g                            1.00                               1.00                            
   ≥2500 g                             1.52        \*\*\*   1.33          1.73     0.77   \*\*\*   0.65   0.90
  Gestational age                                                                                         
   \<37 weeks                          0.77        \*\*\*   0.68          0.87     1.11            0.95   1.28
   ≥37 weeks                           1.00                                        1.00                   
  Family structure                                                                                        
   Single parent                       1.00                                        1.00                   
   Two parents                         1.24        \*       1.05          1.46     1.02            0.86   1.22
  Family income                                                                                           
   Low                                 1.00                               1.00                            
   Middle                              1.39        \*\*\*   1.25          1.55     1.27   \*\*\*   1.13   1.43
   High                                1.71        \*\*\*   1.53          1.92     1.47   \*\*\*   1.28   1.69
  Maternal education                                                                                      
   Junior high school and below        1.00                 1.00                                          
   Senior high school                  1.19        \*\*     1.07          1.33     1.13   \*       1.01   1.27
   Junior college                      1.17        \*       1.04          1.31     1.01            0.88   1.17
   University and graduate school      1.41        \*\*\*   1.25          1.59     1.15            0.97   1.36
  Paternal education                                                                                      
   Junior high school and below        1.00                 1.00                                          
   Senior high school                  1.18        \*\*     1.06          1.31     1.06            0.94   1.20
   Junior college                      1.25        \*\*\*   1.11          1.42     1.06            0.91   1.22
   University and graduate school      1.37        \*\*\*   1.22          1.54     1.05            0.90   1.24
  Residential area                                                                                        
   Rural township                      1.00                 1.00                                          
   Urban township                      1.18        \*\*\*   1.08          1.29     1.10   \*       1.00   1.20
   City                                0.99                 0.91          1.09     0.91            0.82   1.00
  Mother-rated health of 3-year olds                                                                      
   Not good health                     1.00                 1.00                                          
   Good health                         3.49        \*\*\*   3.23          3.77     3.36   \*\*\*   3.11   3.63

\*p\<0.05; \*\*p\<0.01; \*\*\*p\<0.001.

CHLPF, Child Healthy Living Practices in Family.

[Table 3](#T3){ref-type="table"} presents the prevalence of mother-rated good health at ages 8 and 3, stratified by CHLPF Index levels and family income. The prevalence of mother-rated good health at age 8 was observed with a significant CHLPF Index upwards gradient across all family income levels. Importantly, when children had high-level CHLPF Index in the low-income group, the prevalence of mother-rated good health at age 8 was similar to the high-income group (83.72%, 95% CI 76.20% to 89.63% vs 84.18%, 95% CI 81.61% to 86.51%, absolute difference=0.46%). However, while children had low-level CHLPF Index in the low-income group, the prevalence of mother-rated good health was much lower than that of the high-income group (70.21%, 95% CI 67.42% to 72.88% vs 78.98%, 95% CI 77.01% to 80.85%, absolute difference=8.77%). The CHLPF Index gradients consistently remained similar across all income levels, and the absolute difference at age 8 was more evident as the income level declined (5.20% in high-income level vs 13.51% in low-income level). The pattern of age 3 was similar to that of age 8.

###### 

Prevalence of mother-rated good health at ages 3 and 8 (stratified by family income and CHLPF Index levels)

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                        High income (A)\                    Middle income (B)\   Low income (C)\   Difference\                                                                        
                        (n=6707)                            (n=9515)             (n=2161)          (A)−(C)                                                                            
  --------------------- ----------------------------------- -------------------- ----------------- ------------- -------- ------- ------- -------- ------- ------- ------- ------- -- ------
                        Good mother-rated health at age 8                                                                                                                             

  CHLPF Index           22.23                               \*\*\*                                 37.24         \*\*\*           14.84   \*\*                                        

  Low (I)               (n=6605)                            78.98                77.01             80.85                  76.66   75.27   78.01            70.21   67.42   72.88      8.77

  Mid-low (II)          (n=5839)                            82.65                81.03             84.19         79.53    78.04   80.97   75.76    72.10   79.15   6.89               

  Mid-high (III)        (n=4139)                            84.58                82.82             86.23         80.74    78.96   82.43   74.92    69.86   79.53   9.66               

  High (IV)             (n=1800)                            84.18                81.61             86.51         85.64    82.98   88.03   83.72    76.20   89.63   0.46               

  Difference (IV)−(I)   \%                                  5.20                 8.98              13.51                                                                              

                        Good mother-rated health at age 3                                                                                                                             

  CHLPF Index           58.94                               \*\*\*                                 81.57         \*\*\*           16.51   \*\*\*                                      

  Low (I)               (n=6605)                            74.65                72.56             76.66                  72.68   71.21   74.11            69.94   67.15   72.62      4.71

  Mid-low (II)          (n=5839)                            78.45                76.70             80.13         76.92    75.36   78.42   74.41    70.70   77.88   4.04               

  Mid-high (III)        (n=4139)                            82.89                81.06             84.62         80.93    79.16   82.62   75.23    70.18   79.81   7.66               

  High (IV)             (n=1800)                            85.41                82.92             87.66         84.62    81.89   87.08   85.27    77.96   90.89   0.14               

  Difference (IV)−(I)   \%                                  10.76                                  11.94                  15.33                                                       
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*p\<0.05; \*\*p\<0.01; \*\*\*p\<0.001.

CHLPF, Child Healthy Living Practices in Family.

Discussion {#s4}
==========

The current study found that high levels of CHLPF Index at age 3 were significantly associated with mother-rated good health at age 8, using data from the nationally representative birth cohort study in Taiwan. Moreover, this study found that the low-income group with high CHLPF Index levels had a much higher prevalence of mother-rated good health than the high-income group with low CHLPF Index levels, for children at age 8 as well as at age 3.

Our findings were consistent with the literature that healthy living practices promote health in general.[@R10] More importantly, our study found that the association between CHLPF and children's health was sustained over time. The findings of long-term effect support that the environment in which children are raised establishes a solid foundation for their future health.[@R10] Therefore, a feasible approach to ensure children's future health is to encourage parents and families to establish healthy practices or habits with their children.[@R24] For example, restricting both child and parental television-viewing time early on would decrease television exposure.[@R25]

This study also identified that the association between CHLPF and children's health was sustained and remained stronger in the low-income families. Particularly, we observed that children with good healthy living practices in low-income families would be healthier than children with poor healthy living practices in high-income families. Therefore, we suggest that healthy living practices in families are crucial for enhancing child health, especially for children with socioeconomic disadvantages.

Moreover, the discrepancy in the prevalence of mother-rated good health between high-income and low-income groups increased across all CHLPF Index levels as children grew up (eg, low-CHLPF Index level: 4.71% at age 3 vs 8.77% at age 8). Therefore, making the effort to follow through basic health routines as part of CHLPF early in the child's life could compensate the impact of health disparity.

This study had some limitations. First, all measures of child health and elements of CHLPF Index were provided by parents; therefore, these responses are subjected to social desirability causing potential reporting bias. We also believe that information on parents' actual behaviours would be a more direct path to speculate the behaviours of young children. However, the TBCS collected limited data on parental health behaviours. Second, through the 5-year interval, the actual changes in the participating families such as financial status or marital status changes were not taken into account and investigated. The impact of such changes on CHLPF may have been overlooked.

Despite these limitations, the findings of this study contribute to the literature regarding healthy living practices in families and its association with children's long-term health and health equality.

Conclusions {#s5}
===========

Our study underscores that high level of healthy living practices in early childhood is positively associated with good health at school age, particularly for children from disadvantaged families. Therefore, we suggest that public policies should pay more attention to early intervention on familial healthy living practice in order to promote children\'s health.
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